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(57) Abstract: A method for preparing a frozen carbonated beverage that remains stable at home freezer temperatures as well as 
^ commercial freezer temperatures, and a frozen carbonated beverage produced by said method. According to a preferred method of 

the invention, carbon dioxide-hydrate is prepared, ground, and mixed with a frozen flavored syrup component. The resulting mixture 
^ is compacted and packaged for storage and shipping. 



WO 02/34065 Al I Bill IBIiai B l>HH Hill lill I H IHHIH KIHIIIW Bill IH1 lilHH HH Hli fHI 



— before the expiration of the time limit for amending the For two-letter codes and other abbreviations, refer to the "Guid- 
chims and to be republished in the event of receipt of ance Notes on Codes and Abbreviations" 'appearing at the begin- 
amendments ning of each regular issue of the PCT Gazette. 



WO 02/34065 



PCT/US01/28245 



CARBON DIOXIDE-HYDRATE PRODUCT 
AND METHOD OF MANUFACTURE THEREOF 

B ACKGROUND OF THE INVENT IO N 

The present invention relates to a frozen carbonated product, and more particularly to 
a frozen C0 2 -hydrate food product, such as a frozen carbonated beverage, and method of 
making the same. 

Various methods of preparing effervescent ice confection products, such as C0 2 - 
hydrate-containing confections are well known. See, for example, U.S. Patent No. 4,738,862. 
In general, these techniques involve contacting water with C0 2 under pressure and reducing 
the temperature until a solid C0 2 -water clathrate, also termed C0 2 -hydrate, is formed. The 
hydrate is then ground, producing particles of the frozen C0 2 -hydrate, which can then be 
mixed with a flavored confection phase, followed by freezing the resulting mixture. 

One of the problems with prior art methods of producing C0 2 -hydrate products is that 
insufficient carbonation is achieved. This results in a frozen product that, while adequate 
from the standpoint of sweetness and flavor, lacks sufficient carbonation to produce the feel 
in the mouth consumers associate with carbonated liquid beverages. 

Other shortcomings of the prior art include relatively long reaction times being 
required for preparation of the C0 2 -hydrate, and minimal throughput, with the result that until 
now there has been no commercially viable process available for the production of a C0 2 - 
hydrate ice confection product. 

Yet another problem with the prior art is the instability of the CQ 2 -hydrate, which 
loses carbonation rapidly during the first 24 hours after formation. To slow the rate of loss of 
carbonation, it is often necessary to maintain the hydrate under severe temperature or 
pressure conditions that are not commercially feasible for the home user market, wherein 
home freezers operate at atmospheric pressure and around -10 to +5° Fahrenheit. 

Another drawback with prior art processes is that they do not readily lend themselves 
to preparation of a diet product. Diet products have no sugar, and do not behave the same as 
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sugar-containing products upon freezing. Until now, there has been no commercial process 
available for producing an artificially sweetened C0 2 -hydrate product. 

Still another drawback with prior art methods of producing C0 2 -hydrate products is 
the tendency of such products to "explode" or "pop," i.e., disintegrate unpredictably with a 
loud noise, particularly when immersed in liquid. One possible explanation for this is the 
formation of dry ice during the carbon dioxide hydration process. 

Accordingly, an improvement in the art could be realized if a carbon dioxide-hydrate 
product could be developed that addressed some or all of the aforementioned shortcomings. 

SUMMARY OF THE INVENTION 

The present invention provides a method for manufacturing a frozen carbonated 
confection product that exhibits high C0 2 retention without significant dry ice formation and 
stable storage in the home freezer environment. As used herein, the term "stable" is intended 
to mean that the frozen carbonated confection product can be stored at typical home freezer 
temperatures for typical storage durations without losing significant amounts of C0 2 . 
According to a preferred method of practicing the invention, water at ambient pressure is 
charged to a reactor and subjected to an inert gas purge, preferably using C0 2 to minimize air 
entrainment in the resulting frozen product. Air entrainment can result in lower C0 2 
retention levels. After the purge, the water is chilled to just above the freezing point, 
preferably to 32.1°F. The chilled water is agitated, and carbon dioxide under pressure, 
preferably about 400 psig, is introduced into the reactor where the C0 2 -hydrate reaction is 
allowed to proceed with continued agitation for about thirty minutes. The reaction mixture is 
then cooled to about ~5°F, resulting in a solid C0 2 -hydrate containing product, which is then 
ground to an acceptable particle size. Preferably following grinding, or alternatively prior to 
or during grinding of the C0 2 -hydrate product, a flavored syrup is mixed with the CO r 
hydrate product, and the resulting product is dispensed, preferably incorporating a 
compacting step, for packaging and storage. 
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These and other advantages and preferred embodiments of the invention will become 
more readily apparent as the following detailed description of the preferred embodiments 
proceeds, particularly with reference to the appended drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention will be more fully understood from the detailed description 
below when read in connection with the accompanying drawing wherein like reference 
numerals refer to like elements and wherein: 

Fig. 1 is a schematic flow chart of a preferred method of practicing the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Clathrates are compounds comprising two types of molecules, where one type of 
molecule, known as the guest molecule, occupies a cavity which is found in the crystal lattice 
structure of another type of molecule. In one specific type of clathrate known as a clathrate 
hydrate, the guest molecule occupies cavities in the crystal lattice structure of water. One 
particular type of hydrate of interest is carbon dioxide hydrate, a compound in which carbon 
dioxide molecules reside in a cage-shaped structure enclosed by a plurality of water 
molecules. Also referred to herein as C0 2 -hydrate 5 and represented theoretically by the 
formula [C0 2 *(5.75)H 2 0], clathrate C0 2 -hydrates form when carbon dioxide gas is combined 
with water at a predetermined pressure and temperature. Although subject to various phase 
changes depending on the pressure and temperature, for present purposes, the CO r hydrates 
are solid, ice-like compositions that form according to an exothermic reaction as follows: 

C0 2 (gas) + H 2 0 (liquid)^ C0 2 »H20 (solid) + Aheat 

The theoretical ratio of C0 2 to H 2 0 in C0 2 -hydrate is 1:5.75. The H 2 0 molecule 
lattice structure, however, comprises two small cavities and six large cavities, each of which 
may be occupied by a molecule of C0 2 . Thus, the number of C0 2 molecules enclosed in this 
lattice may vary from 1 to 8, depending on the specific temperature and pressure conditions 
under which the hydrates are formed. In general, increasing the pressure under which hydrate 
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formation occurs increases the number of C0 2 molecules that become "trapped" in the ice 
lattice structure, or, possibly, joined by a loose chemical bond. Also, in general, increasing 
the number of trapped or bonded C0 2 molecules increases the ultimate C0 2 retention of a 
resulting frozen confection product incorporating the C0 2 ~hydrate. 

Referring now to Fig. 1, according to a highly preferred embodiment of the present 
invention, water, preferably purified and distilled, is charged to a pressure reactor 10 at 
ambient temperature. Purified/distilled water is preferred to minimize the inclusion of salts 
and other impurities in the water, which can be detrimental to the C0 2 -hydrate reaction 
and/or the resulting carbonation level and/or product shelf life. The reactor may be any 
suitable reactor equipped with an agitator, such as a stirrer or shaking device, and capable of 
maintaining the pressure and temperature described herein. After being charged to the reactor, 
the water is then preferably subjected to a gas purge, using, for example, a CO z purge. This 
purge evacuates air from the headspace of the reactor and thereby minimizes air entrainment 
in the water during agitation. Air entrainment reduces the C0 2 retention levels of the resulting 
product. Other gasses than C0 2 can be used for the purge, provided the purge gas is inert, 
such as nitrogen, however, C0 2 is the preferred purge gas for the present invention. The 
purge gas may be introduced at any suitable pressure, including atmospheric pressure or 
under higher pressures. Most preferably, a slight positive pressure is used for the purge gas 
relative to the head space pressure of the reactor in order to better purge the head space of the 
resident air or other gas contained therein. While it is preferred to perform the gas purge after 
charging water to the reactor, it would also be possible to purge the reactor of air using an 
inert gas prior to charging the reactor with water. Alternatively, rather than using an inert 
purge gas, the reactor can be evacuated of air by drawing a vacuum either before or after 
being charged with water. 

Following the purge step, the purged water is then subjected to an agitation phase, 11. 
During this phase, the water is chilled to near freezing, i.e., greater than 32°F and less than or 
equal to about 32.2°F, with agitation. Most preferably, the water is chilled to about 32.TF. 
The agitation helps increase surface interactions for formation of C0 2 -hydrate, and also 
provides a uniform chill temperature, most preferably 32.1°F at the outset of the CO r hydrate 
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reaction. It has been found that the 32.1°F temperature of the reactants at the outset of the 
C0 2 -hydrate reaction is critical to achieving the superior results of the present invention 
relative to the prior art. 

Agitation is also an important aspect of a highly preferred embodiment of practicing 
the present invention. The agitator may, for example, be any standard implement for 
providing rotational mixing, such as a paddle, or may be a shaker or other agitation 
mechanism, such as an ultrasonic device. Any form of agitation can be used, provided that it 
provides sufficient mixing to promote the C0 2 -hydrate reaction, and that it permits adequate 
mixing of the reactants at the outset of the reaction to achieve a uniform temperature, 
preferably 32.1°F, but that does not impart so much energy to the reactants as to raise the 
temperature of the reactants beyond the preferred range. In a preferred embodiment of the 
invention, where the agitator comprises a paddle, the paddle includes a slightly curved top 
portion to provide vertical mixing. 

Once the water is chilled to the desired temperature, C0 2 under pressure, preferably 
300-500 psig, and most preferably about 400 psig, is charged to the reactor, preferably while 
the water continues to be agitated, although agitation is not required while the C0 2 is being 
charged to the reactor. The reaction is allowed to proceed with agitation for about 5-60 
minutes, and preferably for about 30 minutes, during which time the temperature of the 
reactants rises to about 32.2-45°F due to the exothermic nature of the reaction. Agitation has 
been found to be critical to achieving high C0 2 levels in the resulting C0 2 -hydrate. Following 
the reaction, the agitation is discontinued and the agitator is preferably lifted out of the 
reactants to avoid becoming frozen therein. The reactants are chilled to subfreezing, 
preferably about -5°F or less. During this phase, the solid C0 2 -hydrate is stabilized. The 
finished C0 2 -hydrate preferably achieves C0 2 content of up to about 12% wt/wt C0 2 gas. 

Following the freezing step, the reactor is depressurized, preferably without exposing 
the system to the atmosphere, although exposing to atmosphere can alternatively be done. 
When the system is not to be exposed to atmosphere, this is accomplished by maintaining a 
closed system, wherein the system is depressurized by bleeding C0 2 from the reactor, such 
that the C0 2 -hydrate remains under an atmosphere of C0 2 , but at or near atmospheric 
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pressure. Alternatively, the pressure in the system can be reduced, without completely 
depressurizing the system to atmospheric pressure, for example, maintaining a slight positive 
pressure of around 5 psig. Of course, the reactor can also be depressurized and then 
immediately exposed to the atmosphere. 

After depressurization, the solid CO r hydrate is ground, either in the closed system or 
exposed to atmosphere, until it achieves a consistency of fine powder, which aids in mixing. 
Preferably, the grinding step is accomplished at a temperature, e.g., -5°F, that precludes 
significant melting of the C0 2 -hydrate. In a preferred embodiment of the invention, the 
agitator is fitted with knife blades that permit the same mechanism used for providing 
agitation to also be used to grind the frozen C0 2 -hydrate product. 

In a highly preferred embodiment of the invention, after the grinding step, a flavored 
syrup or concentrate is added to the ground C0 2 -hydrate and mixed therewith. Preferably, 
the syrup is introduced in a chilled form, at a temperature of about -5°F. At such 
temperatures, the syrup assumes the consistency of a semi-solid, such as ice cream at similar 
temperatures, or may be sufficiently solid as to require grinding prior to mixing. The mixing 
is accomplished with sufficient shear to provide adequate blending of the syrup with the C0 2 - 
hydrate, but not so much as to liquefy the components or release significant amounts of C0 2 . 
When completed, the resulting mixture has a uniform color and the consistency of a loosely 
packed solid, like brown sugar. The mixing step may be accomplished in the closed system 
or after the system has been opened to the atmosphere. As the following examples 
demonstrate, it is also possible to add the flavored syrup component immediately after 
formation of the C0 2 -hydrate, but prior to the grinding step (Example 3), For sugar- 
containing syrups, it is preferred not to add the syrup prior to completion of the CO r hydrate 
reaction, as the presence of sugar-containing syrup tends to make the reaction less stable, as 
the syrup tends to foam. It is, however, possible to add sugar-containing syrups at more than 
one step in the process after the C0 2 -hydrate reaction is complete. On the other hand, when 
an artificially-sweetened syrup, such as diet Coke® syrup is used, it has been found, 
surprisingly, that such syrup behaves like water, in that it does not foam excessively when 
added prior to the C02-hydrate reaction, and can thus be added prior to the C0 2 -hydrate 
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reaction. For diet syrups, therefore, it is possible to add the syrup at any step and more than 
one step in the process, provided that care is taken not to remove flavor volatiles during the 
initial purge step. 

Following mixing, the resulting product is preferably permitted to degas, to prevent 
swelling of the packaging. This step may be accomplished by permitting the finished product 
to degas for a 24-hour period at a temperature of about -5 °C, or could be achieved by 
allowing the C0 2 -hydrate to degas prior to mixing with the syrup component. 

- After the degassing step, the ground C0 2 -hydrate product is preferably subjected to a 
compacting step, wherein the product is compressed into a shape convenient for consumer 
use, such as an ice pop on a stick or in a container, such as a paper or plastic cup, box, or 
bowl. Such compression may be achieved using known methods. It is believed that 
compression may increase the shelf life of the C0 2 -hydrate product. Compression is not 
used, however, when another preferred embodiment of the invention is prepared, wherein the 
product is permitted to achieve the consistency of ice cream and is frozen in containers 
without compaction. In this embodiment, the ice cream consistency is achieved by imparting 
sufficient mixing and/or adding sufficient syrup to allow the mixture to achieve the smooth, 
creamy consistency normally associated with an ice cream or sherbet product. When an ice 
crearn version of the product is prepared according to the present invention, because there is 
no compaction, it is preferred that the product be stored at slightly colder temperatures, e.g., 
0°F or lower. 

■- i 
The syrup used in practicing the present invention may, for example, be of the type 

commercially available from The Coca-Cola Company, Atlanta, GA, and used by customers 

at fountain outlets after being mixed with carbonated water provided by the customer. In a 

highly preferred embodiment of the invention, the syrup is a diet formulationj such as diet 

Coke®. Particularly when diet syrup is used, it has been found that better results are 

achieved by incorporating an emulsifier, such as pectin or guar gum into the product during 

mixing, to prevent separation. 

The finished product is then packaged, for example, with a suitable wrapper and 

boxed for storage and shipping. Of course, the product is maintained at sub-freezing 
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temperatures throughout this step. It has been found that products produced according to the 
present invention exhibit improved shelf life and can be stored at temperatures typical of 
household freezers, generally about -10°F to about 5°F. Of course, the product of the present 
invention can be stored at colder temperatures than home freezer temperatures, such as those 
temperatures typical of commercial freezer distribution channels. As will now be apparent, 
the preferred method of the present invention can be carried out as a batch or continuous 
process. A batch process, however, is more highly preferred. 

EXAMPLES 

Example 1 

1.8 grams of, pectin and 0.18 grams of guar gum were dissolved in 970 grams of 
distilled water at 120°F. The solution was cooled to room temperature and to it 529 grams of 
diet Coke® syrup was added. The liquid was hydrated with C0 2 at 400 psig according to the 
procedures described herein. The product was like dry sand. The carbonation level of the 
product was between 10.5 and 1 1.2 % by weight. 

Ex am ple 2 

5.15 grams of pectin and 0.515 grams of guar gum were dissolved in 1,125 grams of 
water at 120°F. The solution was cooled to room temperature. To it 472.5 grams of diet 
Coke® syrup was added. The liquid was then hydrated according to the above procedures. 
The product was frozen solid with no visible separation of the syrup. Carbonation level of the 
product in this example was between 6.7 and 8.1 % by weight. 

Example 3 . 

900 grams of distilled water was placed in a 2L reactor. A C0 2 hydration reaction 
was carried out as described herein at 400 psig in an ice bath. After the reaction, the C0 2 - 
hydrate temperature was between 32.2 and 32.4°F, and 765 grams of Coke® syrup at 0°F was 
pumped into the reactor. The reactor was then stored in a -5°F freezer at least overnight (and 
up to two days over weekends). The reactor was opened and the product was ground. The 
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experiment was repeated four times to determine repeatability and shelf life. Results are 
shown below. 
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Example 4 

This experiment was conducted to determine optimal hydration reaction time. A 
reactor was filled with 1.5 L of distilled water at room temperature. The reactor was then 
purged three times with C0 2 at 100 psig. The unpressurized reactor was then placed in an ice 
bath and agitated until the water temperature reached about 32.2°F. At this point carbon 
dioxide gas was introduced to the reactor at 400 psig. The reaction was allowed to proceed 
with agitation, while continuing to introduce C0 2 at 400 psig, for predetermined lengths of 
time, e.g., 5, 10, 30, and 60 minutes. After the predetermined time for each reaction time, the 
C0 2 was shut off to the reactor and the reactor was placed in a -5°F room overnight. The 
next morning the reactor was depressurized and opened and the level of carbonation 
measured. As a result of these experiments, it was determined that about 50% of the C0 2 - 
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hydrate reaction takes place in the first five minutes of reaction time, about 75% after 10 
minutes, and almost 90% after 30 minutes. About 13% w/w C0 2 was obtained after 60 
minutes of reaction time. From this data, it appears that optimum reaction time for the C0 2 
hydration reaction of the present invention should be between about 10 and 30 minutes. 

While the preferred embodiment of this invention has been described above in detail, 
it is to be understood that variations and modifications can be made therein without departing 
from the spirit and scope of the present invention, as delineated by the following claims, 
including all equivalents thereof. 
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CLAIMS 

1 . A method for preparing a frozen carbonated product comprising the 
steps of: 

a) contacting C0 2 under pressure with an aqueous liquid in a 
chilled reaction vessel; 

b) agitating said aqueous liquid and C0 2 in said reaction vessel to 
promote a reaction between said C0 2 and aqueous liquid, thereby forming a C0 2 - 
hydrate containing product; 

c) cooling said C0 2 -hydrate containing product to promote 
freezing thereof; 

d) grinding said C0 2 -hydrate containing product to form C0 2 - 
hydrate containing particles; and 

e) forming said C0 2 -hydrate containing particles into a frozen 
carbonated product. 

2. The method of claim 1 wherein said aqueous liquid is chilled to greater 
than 32°F but less than 32.2°F prior to introducing said C0 2 and said C0 2 is 
introduced to said reaction vessel at a pressure of about 300-500 psig. 

3. The method of claim 1 wherein at the outset of said reaction, the 
aqueous liquid is at a temperature of about 32.1 °F. 

4. The method of claim 1 wherein said C0 2 under pressure and said 
aqueous liquid are reacted with agitation for about 5-60 minutes. 

5. The method of claim 1, wherein air is removed from said reaction 
vessel before reacting said C0 2 under pressure with said water. 

6. The method of claim 1, wherein following the forming of said frozen 
carbonated product, the temperature thereof is maintained sufficiently cold to 
maintain said product in a frozen state. 
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7. The method of claim 1, wherein steps a-d are conducted in a closed 

system. 

8. The method of claim 1, wherein steps a-c are conducted in a closed 
system and steps d~e are conducted at atmospheric pressure. 

9. The method of claim 1, wherein a flavored syrup is added to said C0 2 - 
hydrate containing particles and mixed therewith, thereby forming a flavored frozen 
carbonated product. 

10. A method of preparing a carbonated ice product comprising the steps 

of: 

a) charging a reactor with water, and subjecting said reactor 
charged with water to an inert gas purge; 

b) while agitating said water, cooling said water to a temperature 
slightly above its freezing point; 

c) charging said reactor with C0 2 under pressure to provide a 
C0 2 -water mixture; 

d) agitating the C0 2 -water mixture while reacting said mixture to 
provide a product comprising C0 2 -hydrate; 

e) lowering the temperature of said product to promote freezing 

thereof; 

f) depressurizing said reactor; 

g) grinding said product to form a ground product; and 

h) dispensing said ground product. 

11. The method of claim 10, wherein a flavored syrup is added to said 
product during grinding thereof, whereby said syrup becomes mixed therewith. 

12. The method of claim 11 wherein said flavored syrup is at the same or 
lower temperature as said ground product when mixed therewith. 
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13. The method of claim 10, wherein a flavored syrup is added subsequent 
to grinding said product, and is mixed therewith. 

14. The method of claim 10 wherein a flavored syrup is added prior to 
grinding said product. 

1 5 . The method of claim 1 0, wherein said ground product is packaged after 
dispensing, after a degassing step. 

16. The method of claim 15, wherein said ground product is stored at a 
home freezer temperature. 

17. The method of claim 16, wherein said home freezer temperature ranges 
from-10°Fto+5°F. 

18. The method of claim 10, wherein said ground product is compacted 
after grinding. 

19. The method of claim 18, wherein said ground product is compacted in 
the form of an ice pop together with a stick for holding the compacted ground 
product. 

20. The method of claim 10, wherein said ground product is dispensed into 
a container for storage without compaction. 

21. The method of claim 20, wherein said ground product is ground to 
achieve the consistency of ice cream. 

22. The method of claim 10, wherein said ground product is dispensed into 
a container for storage with compaction. 

23. The method of claim 11, wherein said flavored syrup is sweetened with 
a natural sweetener. 
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24. The method of claim 1 1 , wherein said flavored syrup is sweetened with 
an artificial sweetener. 

25. The method of claim 10, wherein a cooled flavored syrup is added 
during grinding of said product. 

26. The method of claim 10, wherein an artificially flavored syrup is added 
at one or more of steps a-g. 

27. The method of claim 10, wherein a naturally flavored syrup is added at 
one or more of steps e-g. 

28. The method of claim 10 wherein following reacting of said C0 2 -water 
mixture to produce said product comprising C0 2 -hydrate, said product comprising 
CO r hydrate is stored at sub-freezing temperatures prior to grinding. 

29. The method of claim 28, wherein said product comprising CO r hydrate 
is stored at about -5°F for 0-48 hours prior to grinding. 

30. The method of claim 10, wherein said reaction proceeds for about 5-60 
minutes. 

31. The method of claim 10, wherein the agitation is provided with a 
device selected from the group consisting of a stirrer, an ultrasonic device, and a 
shaker. 

32. The method of claim 10 wherein said water is chilled to 32.1°F at the 
commencement of said C0 2 -hydrate reaction. 

33. The method of claim 10 wherein said inert gas used for said purge is 

C0 2 .. 

34. The method of claim 10 wherein said product is ground to achieve a 
consistency resembling ice cream. 



- 14- 



WO 02/34065 



PCT7US01/28245 



35. A frozen carbonated beverage that remains stable at home freezer 
temperatures, comprising a compacted mixture of frozen C0 2 -hydrate and frozen 
flavored syrup. 

36. The frozen carbonated beverage of claim 35, wherein said C0 2 -hydrate 
comprises up to about 12% wt/wt CG 2 gas. 

37. The frozen carbonated beverage of claim 35, wherein the frozen 
flavored syrup is artificially sweetened. 

38. The frozen carbonated beverage of claim 37 wherein said frozen 
carbonated beverage includes an emulsifier. 

39. The frozen carbonated beverage of claim 38 wherein said emulsifier is 
selected from the group consisting of pectin and guar gum, 

40. A method of preparing a carbonated ice confection product, 
comprising the steps of: 



charged reactor with C0 2 gas; 

b) . chilling said water in said reactor to about 32.TF, while 
providing agitation to said water; 

c) introducing C0 2 gas at a pressure of about 400 psig to said 
reactor, and agitating the water and C0 2 in said reactor, allowing an exothermic 
reaction of the water and C0 2 to proceed for about 30 minutes, thereby raising the 
temperature of the reactants to about 32.2-45°F, and thereby producing C0 2 -hydrate; 

d) discontinuing the agitation and cooling the C0 2 -hydrate to 
about -5°F or less; 



the syrup and CO r hydrate to produce the carbonated ice confection product; 



a) 



charging a reactor with water and purging the headspace of said 



e) 
g) 



slowly depressurizing the reactor to about 5 psig or less; 
grinding the C0 2 -hydrate; 

adding a flavored syrup to the ground C0 2 -hydrate and mixing 
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h) compacting the carbonated ice confection product; and 

i) storing the carbonated ice confection product at a temperature 
of less than about 5°F. 
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